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1. Introduction 

Corona viruses have been shown to exist in both humans and wild animals and thepossibility of animal to 
human transmission has been demonstrated (Andersen et al., 2020). Among the Corona viruses that can be 
transmitted from ani mals to humans arethesei/ereacuterespi ratory syndromeCoronavi rus-1 (SARs-Cov-1) 
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'Abstract ^ 

Covid-19 was first reported in Wuhan China but has now spread globally with 
overwhelming impacts on human health and health systems. The disease is caused 
by the SARs-Cov-2 which is related to the SARs-Cov-1 that causes SARs. There is 
evidence suggesting that the virus originated from the Rhinolophilid bats and has 
subsequently undergone recombination to allow for a natural selection for a 
human host and it is thought that the recombination might have occurred either 
prior or upon infection of the human host. These events of natural selection are 
presumed to have hastened human to human transmission. However, analyses 
of sequences from Covid-19 isolates from China and across the globe point to a 
unique case scenario that may suggest selection and evolution of the virus upon 
infection of the human host. In this paper we have examined the role of the 
human ACE-2 receptor in determining the predisposition to Covid-19 and 
analyzed Covid-19 sequences deposited in the virus database from around the 
globe to provide evidence that the disease burden is different across regions and 
among individuals as determined by the genetics of the virus and that the virus 
is rapidly evolving across regions and populations. Our phylogenetics data 
confirms that all strains circulating around the globe are related to the strains 
from China, the origin of the virus and further depicts varying degrees of 
similarity and disparity which suggests that the virus is mutating. While the 
USA has already been shown to have sequences closely related to the Wuhan 
sequences, here wereport that the sequences from Spain and Africa aredistantly 
related to the Wuhan sequences. Owi ng to the unique presentation of the disease 
in regions across the globe, the summary presented here informs of the need to 
tai I or the management of the d i sease as d i dated by vi ral and host geneti c fadors 
and the observed regional burden of the disease. 
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that causes SARs and the Middle East Respiratory syndrome Coronavirus (M ERs-Cov) that causes M ERs 
(J ohnson et al2018; and Schoeman and Fieldi ng, 2019). The SA Rs-Cov-1 has been traced back to bats whi Ie 
theM ERs-Cov has been associated with dromedary camel sand bats (Johnson et al., 2018; and Schoeman and 
Fielding, 2019). Despitethatthetwo viruses are transmitted fromanimalsto humans and areboth associated 
with respiratory ailments (Schoeman and Fielding, 2019), entry into the human host has been shown to be 
uniquely driven by different receptors wherethe SA Rs-Cov-1 attaches onto the human angiotensi n converti ng 
enzyme-2 (ACE-2) (Guoetal., 2020) whiletheM ERs-Cov attachestothedipeptidyl peptidase-4 (DPP4) (Johnson 
et al., 2018) receptor that are coded by different genes. The novel SARs-Cov-2 that causes Covid -19 has been 
d escri bed as a descendant of the SA Rs-Cov-1 that al so uti I i zes the hu man ACE-2 receptor to enter the host cel I 
and si mi larly causes respi ratory ai I ments (FI offmann et al., 2020). Attachment on to the host receptor is vi a a 
receptor bi ndi ng domai n located i n thespi ke (S) and subsequent entry i nto the host cel I via endocytosi s (Guo 
et al., 2020). FI owei/er unl ike, SA Rs, Covid-19 has a high transmission ratewhich has been associated with the 
highaffinity with which theSAR-Cov-2unliketheSARs-Cov-1 bindstotheACE-2 receptor (Yuen etal., 2020). 
Sequenceanalysisof the SARs-Cov-2suggests that itoriginated fromtheRhinolophilid bats and subsequently 
underwent recombination in its spike protein to confer a host selection advantage (Fehr and Perlman, 2015; 
Johnson et al., 2018; and Ou et al., 2020). This is likely to betruesincetheRaTG13 Coronavirus isolated in 
R hi nol ophi I i d bats has a 96% sequence si mi larity to the SA Rs-Cov-2 but d iffers i n the bi nd i ng affi nity to the 
human ACE-2 receptor where it lacks key ami no acid sequences i n its receptor bi nding domai n for effective 
binding on to this human receptor (FI ussain et al., 2020). The pangolin that is thought to bean intermediate 
host between the bats and humans (Yuen et al., 2020) has a Corona virus whose receptor binding domain is 
much morerelated to that of the SARs-Cov-2butlacksapolybasiccleavagesiteintheSprotein which isvital 
for binding to thehuman ACE-2 receptor (Andersen et al., 2020). Flowet/er, because sequences analyzed from 
Covid-19isolatesacrosstheglobedepict disparities from the first virus isolated in Wuhan, it is likely that 
evolution of the virus receptor binding domain is occurring in thehuman host in order to evade immune 
responses and foster a higher human to human transmission (Yuen et al., 2020). 

2. Case presentation 

The presentation of Covid-19 has been shown to vary among patients but the most common symptoms of the 
diseasei ncludecoughi ng, fever, headache, fati gueamong other non-specific symptoms (Bernhei m et al., 2020). 
Few stud i es have reported d i arrhea and vomi ti ng among C ovi d-19 pati ents suggest! ng the oral -fecal route as 
an alternative transmission pathway for the virus (Yuen et al., 2020). Unl ike both SARs and M ERs, fever has 
been found to be less common among Covid-19 patients and thus described as unspecific for symptomatic 
diagnosis of Covid-19 (Y uen et al., 2020). The radiographic manifestation of the disease includes unilateral 
and bilateral ground glass opacities as well as pulmonary infiltration as reported in chest CT scans (Wang 
et al., 2020). Thevirulenceand prognosis of any disease depend on a wide rangeof factors that may influence 
immune responses; hencetheclinical outcome of COVID-19 has been reported to rangefrom mild, asymptomatic 
(mild without symptoms) to severe with theriskof death (FI eneghan etal., 2020). However, Heneghan etal. 
(2020) fu rther suggests that the outcome of the d i sease i s al so hi ghi y i nf I uenced by the vi ral I oad, and especi al ly 
the dose of the vi rus on exposu re. A1 nx)st 80% of the reported cases are mi Id whi I e 20% are severe (Y uen et al., 
2020). Severe cases are characterized by alveolar damage resulting from the virus, dyspnea, blood oxygen 
saturation (Sp02) <93%, Pa02/ Fi02 ratio, lung filtrates >50% within 48h and respi ratory frequency >3(y min 
(Cascellaet al., 2020; and Heneghan et al., 2020). 5% of thesei/erecases develop into critical cases character! zed 
by multi pleorgan failure, respiratoryfailure, septic shock, development of severe pneumonia, and most of 
these cases result in death (Yang etal., 2020). However, many of the severe cases are reported in middle-aged 
patients, elderly patients (Verity etal., 2020) as well as patients with preexisting medical conditions especially 
heart diseases, hypertension. Park! nson'sdisease, and diabetes (Li etal.,2020a). 

M ajority of the pati ents with mild disease present symptoms of respiratory infections such as mi Id fever, 
dry cough, headache, muscle pains, and lack of radiological indicatorsof severedisease(Cascellaetal.,2020). 
Progression to severediseasedependson the host immunological response and is aborted by early diagnosis 
and supportive management (Leung et al., 2020; and WHO, 2020). Accord i ng to C hen et al. (2020a), thed isease 
progress! on can resu It from over ebu 11 i ent host i mmu ne responses suggest! ng that the host i mmune response 
plays an important roleinthepathogenesisand clinical outcomeof COVID-19. Despitethat any viral infection 
triggers immune responses, i mmu nopathogenesis has been associated with an aberrant or out of control 
immune response that results in pulmonary tissue damage, reduced lung capacity, and cytokine storm in 
Covid-19 (Huang et al., 2019; Chen et al., 2020a; and Li et al., 2020b). A few studies on the host-parasite 
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interactome have been carried out to elucidate the virulence factors associated with the SARS- Cov-2 
pathogenesis, one of the study demonstrates that the SARS-Cov-2 hasevolved multiple mechanisms to 
mod u I ate the host's key cel I u I ar p rocesses I ead i ng to evasi onoftheimmune system and d i sease pathogenesi s 
(Li et al., 2020c; and Yuen et al., 2020). A nalysis of proteome profi I i ng among mi Id and set/erecases ofCovid- 
lOindicatethatthe nspOand nsplOproteinsarethekeyvirulencefactorsoftheviruswhich interacts with the 
N KRF to induce thelL-8and IL-6 that ultimately lead to uncontrolled infiltration, activation of neutrophils as 
well as inflammatory response observed in patients (Wan et al., 2020). Increased levels of IL-6 have been 
reported in SARS-Cov-2 patients in ICU (Chen et al., 2020a; and Wan et al., 2020). These observations thus 
elucidateimportant pathways modulated by thevirus proteins which determinethe outcome of the disease. 

3. ACE-2 expression, polymorphisms and the risk for Covid-19 

The gene that codes for the human ACE-2 receptor has been mapped on totheX chromosome suggesting 
different expression levels in males and females (Benjafield et al., 2004) and the express! on of the receptor has 
al so been show n to vary w i th age (G uo et al., 2020). The A C E-2 receptor has a rol e i n the control of hypertensi on 
(Hussain etal., 2020) where it catalyzes vasodilation via conversion of angiotensin 11 to angiotensin 1-7 (Guo 
et al., 2020). Deficiencies in the expression of ACE-2 have been associated with an increased risk of 
cardiovascular diseases and hypertension (Guoet al., 2020) and it is now evident that certain polymorphisms 
of the ACE-2 havea role in predisposing i ndividuals to hypertension (Luo etal., 2019). In addition. Meet al. 
(2018) suggests that certain ACE-2 polymorphisms inherited from mothers who are carriers of such 
poly morph isms increase the likelihood of thedevelopment of cardiovascular conditionsinold age. Itisnot 
clear if any of the polynnorphisms associated with an increased risk for cardiovasculardiseasehaveabiphasic 
effect on the susceptibility to Covid-19 but thereisei/idence suggesting that individuals with cardiovascular 
conditions and hypertension haveahigher risk and casefatality for Covid-19(Guo etal.,2020; and Fang etal., 
2020). Despitethat studies recently conducted in Asia indicate thatAsian population have similar express! on 
of theACE-2to population of other races (Chen et al., 2020b), Lu et al. (2012) provides ei/idencesuggesting that 
ACE-2 polymorphisms predispose Asian populationto hypertension whileGuo etal. (2020) and Fang etal. 
(2020)suggesttheseverityofCovid-19inpatientswith cardiovascular conditions and hypertension in Asia. 
China was severely affected by the pandemic and itisnotclear iftheeffectsofthediseasewereinanyaway 
related to thenatureoftheACE-2 receptor across population in China or the high risk of hypertension and 
there is thus need to assess the postulated confound! ng factors usi ng data from hypertensi veCovid-19 patients 
from other races. 

Because of the availableevidence suggesting a relationship between the express! on of ACE-2 and SARs- 
Cov-1 (Hussain et al., 2020), it has been expected that SARs-Cov-2 which similarly bindsto ACE-2 would 
exhibit a similar relationship (Guo et al., 2020; and Fang et al., 2020). The later has prompted fears around the 
use of conventional ACE-2 inhibitors and antagonists for treatment of cardiovascular conditions and 
hypertension in the wakeofCovid-19(Sommerstein et al., 2020). Sincetheuseof these inhibitors increase the 
avai I ability of AC E-2 (Fang et al., 2020), it would be expected thatthesewould createa positive correlation with 
the risk and severity of Covid-19(Li etal., 2020a; and Fang etal., 2020). However, despite an observed clinical 
associ at! on betw een card i ovascu I ar cond I ti ons and the r I sk of C ovi d -19, there i s d ebatabi e cl i n I cal et/i d ence 
suggesting an observed risk of theuseof ACE-2 inhibitors and antagonistsinthewakeof Covid-19and thus 
thesed rugs are sti 11 recommended for card i ovascul ar cond itions (Sommerstei n et al., 2020). I n the most recent 
ei/aluation, it emerges that the high risk of Covid-19inpatientswith cardiovascular cond itions and individuals 
expressing low levels of ACE-2 emanates from the concomitant accumulation of angiotensin 11 upon the 
association of the AC E-2 receptor with SARs-Cov-2 which not only causes vasoconstriction but also triggers 
an increase in the release of macrophages and interleukins that yield inflammatory reactions which 
subsequentlyresultintoorgandestructionand collapseor organfailure(Kai and Kai,2Q20). SimilarlyGracia- 
Ramos(2020) indicates that the risk of severe disease character I zed by organ failure in MERs is similarly 
increased in elderly patients and thosewith cardiovascular conditions despitethat M ERs-Cov bindsto the 
D PP4 receptor and not A C E-2 suggest! ng that the observed ri sk of organ fai I u re i s a resu 11 of i nf I ammatory 
react! ons that might ensue i n the event of the vi rus i nfection. 

Si nceCovid-19presentsdifferently among individualswith a large proportion of asymptomaticpatients 
(Biscayartetal., 2020), itwould beexpected that certain geneticfactorswould drivetheobserved disparities. 
Host genetic factors that drive the express! on of the ACE-2 have been shown to vary across sex ((Benjafield 
et al., 2(X)4) and age (Guo et al., 2020) but it is not clear if these variations are sufficient to determinethe 
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susceptibility to Covid-19 although elderly people, those with cardiovascular conditions and men unlike 
women have been shown to exhi bit a high Covid-19 risk and mortal ity (Caramelo et al2020). Besides host 
genet! c factors that may be related to the express! on of the A CE-2 and the risk for Covi d-19,1 essons d raw n the 
HIV vi rus i n Africa indicated that mutations i n the virus receptor (M armor et al2006; and H ussain et al2020) 
and immuneresponsesareprotectiveagainst HIV/ AIDS(AidsAnal Africa, 1995; and Kaul et al., 2001) and 
K ai ser ( 2020) suggests that d i fferences I n the suscepti bi I i ty to C ovi d -19 cou I d be d ri ven by d i spar! ti es i n the 
host receptor gene. Similarly, Hussain et al. (2020) I ndi cates that A CE-2 variants such the rs73635825(S19P) 
and rsl43936283(E329G) may beprotectiveagainst Covid-19 owing toa low binding affinity to theSprotein. 
In addition, Delangheetal. (2020), reports that the varying presentation and case fatal ity in Europe and Asia 
is associated with an insertion/ deletion mutation I n theACE-2 gene that codes for a D allele which has been 
associated with reduced expression of ACE-2and a lower expression of this D allelehas been associated with 
Covid-19 suggesting that a high expression of ACE-2 is likely to positively correlated with Covid-19. There is 
thus an urgent need to exam! ne the genetics of the ACE-2 receptor I n detai I to further I nform on the vary! ng 
diseasepresentation besides exploring other mechanismsinthe host that may hinder or facilitate the replication 
of the vi rus u pon entry. 

4. Phylogenetic analysis 

Tofurther understand thegenetic related ness between different Covid-19 strainsfrom across the world and 
the earliest strains reported from China, the origin, an alignment of Covid-19 gene sequences (regional 
comparison) was doneusing the virus pathogen databaseand analysis resource (VI PR) workbench (https:/ 

/ www.viprbrc.org/ brc/ workbench) where we compared sequences from selected regions including Africa 
to the Wuhan sequences using the quick tree in the VIPR workbench and trees visualized using the 
archaeopteryx viewer (https:/ / www.viprbrc.org/ brc/ tree.spg?) 

. Figure 1 depicts the alignment of sequences from USA and sequences from China. The phylogenetic 
analysis of the CO VI D-19 strai ns from the two regions suggest that they are genet! cal ly rel ated as they cl uster 
together. Figure 2 depicts the alignment of sequences from Spain and sequences from China and the 
phylogenetic analysis suggests that they are genetically distant as both strai ns from thetwo countries cluster 
separatel y. FI gu re 3 depi cts the al I gnment of sequences d raw n from NI geri a and Tu ni si a and the sequences 
fromWuhanChina.Theanalysis reveal ed that the A f ri can strai ns were genet! cal I y d i stant f rom the W u han 
strains. Figure4isan analysisthat illustrates therel at! onship between Covid-19 sequences across theglobe. 
Strai ns clustered together in accordance to their respective regions buttosomeextenttherewasasimilarity 
si nee some sequences cou Id cl uster along cladesformed by other regions. For instance, sequences from Europe 
(highi ighted i n green) clustered along other sequences from other regions such as N orth A merica and Asia. 
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Figure 1: A Phylogenetic tree showing the COVID-19 strains from USA (in red) and their relationship to the 
sequences from China (in blue) 
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Figure 2: N eighborJoining tree using 100 replicates (bootstraps) on number of nucleotide sequences from Covid- 
19 strainsfrom Spain (in red) and the earliest strains from China in thegenbank (highlighted in yellow) 
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Figure 3: A Phylogenetic tree showing the COVID-19 strains from Africa (Nigeria-MT 159778- in yellow and 
Tunisia- in green (M T 308701, M T 324681, M T 324679, M T 324683, M T 324680, M T 324682) and their relationship 
to the first strainsfrom Wuhan 
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Figure 4: A Phylogenetic tree showing the COVID-19 strains across the world 


5. Discussion 

It remains unclear why different regions and populations would experience differences in Covid-19case 
presentation and fatality, but thephylogeneticsdata suggests that all the SARs-Cov-2sequences are related to 
the sequences drawn from Wuhan where the virus was first reported but with varying disparities and 
similarities. The human migratory patternswould then have greatly contributed to thetransportati on of the 
virus from China and subsequenttransmission across the globe. Whether thedifferent case presentation is 
driven by unique host-related genetics coupled with the genetics of the virus is an aspect that is intensely 
bei ng i nvesti gated but i s more I i kely that the host i mmune responses have a vital rol e i n the evol uti on of the 
virus. Because of the uniqueinvolvement of theACE-2receptor in Covid-19, itwould beideal to further 
i nvesti gate the host-rel ated factors that mod u I ate the i nfecti vi ty and repi i cati on of the vi rus and estabi i sh i n a 
cl i n i cal presentati on w hether certai n genes or mutati ons i n the A C E-2 are protect! ve or pred i sposi ng to Covi d- 
19. Understanding the relationship between the expression and polymorphisms of this receptor and 
susceptibility to Covid-19 would help identify population at a higher risk. Thecloserelatedness between the 
sequences in the USA to the Wuhan sequences suggests that thedisease was introduced to the USA by an 
i nd i vi d ual w ho travel I ed f rom Wu han and that the vi ral geneti cs are very cl osel y rel ated. The I ater wou I d al so 
explain why the USA hashed aseverecasepresentation and fatality that would match that reported inChina 
had strict measures not been adopted. Thissuggeststhat countriesoutsideChinathat havereported sequences 
that are more closely related to the Wuhan sequences are bound to have a severe disease burden, if ideal 
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containment measures are not adopted i n ti me. Spai n has equal ly had high number of confi rmed cases and 
fatal ities but it is surprisi ng that sequences from Spai n have some degreeof disparity from the Wuhan sequence 
which is a possible indicator of natural selection. This observed disparity could likely have emerged from 
natural selection events of thevirus in infected human hosts as a mechanism of evading immune responses. 
Understanding the host immunesystem mechanisms under which the virusis mutating would equally inform 
further action especially in drug and vaccine development. Among all regions where Covid-19 has been 
reported,Africa has relativelyfew confirmed casesand few fatalities. Itisnotclearhowthiswould havecome 
about since prevention approaches such as social d istanci ng are very difficult to foster given the African social 
interaction patterns besides the close involvement with China for trade and expertise which would have 
fostered disease importation butcriticsarguethatAfricahasa greater population of young peoplethan most 
Western countries in addition to having lower cases of preexisting conditions such as hypertension, 
cardiovascular diseases and diabetes and thus may not suffer serious case presentation and fatalities. Old age 
and preexisting conditions havebeen associated with a high Covid-19 risk of death butitwould beideal for 
futurestudies to explorethe mechanisms that drivetheuniquediseasepresentation in this region. However, 
thefew sequences reported herefrom Africa indicatedisparity from theWuhan virus suggesting that thevirus 
reported inAfricaisequallyamutated version of theWuhan virus and may thus be I ess potent. 

6. Conclusion 

In summary, becausethe presentation of thediseaseisevidentlydifferentfrom oneregion to theother, it would 
beideal for each region to consider adopting prevention and management practices as dictated by the regional 
burden ofthedisease,thepopulation dynamics, social interaction patterns and host and viral genetic factors. 
Thiswould also allow fortriaging of patients asdictated by disease severity and reducethestrain on available 
health care resources and also foster management approaches that are peoplefriendly. While containment 
measures acrossthe globe havebeen as borrowed from theWuhan experience and past flu pandemics, such 
data suggests that notei/ery region would require very strict measures and that countries whose viral sequence 
data cl osely matches theWuhan Covid-19 sequencedata as i nformed from sequence analysis shou I d prepare 
in advance for ideal containment measures to avoid severe fatal ities. Our data suggests that sequenoeanalysis 
isan ideal surveillance tool for Covid-19that informs of theviral genetic related ness and such data also serves 
as tool for evaluating viral clusters that might define community transmission if used ata regional level. 
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